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The clinical use of cisplatin was severely limited by its associated nephrotoxicity. In this study, we 
investigated whether the pseudoginsenoside Fll had protective effects against cisplatin-induced 
nephrotoxicity. To clarify it, one in vivo model of cisplatin-induced acute renal failure was performed. The 
results showed that pretreatment with Fll reduced cisplatin-elevated blood urea nitrogen and creatinine 
levels, as well as ameliorated the histophathological damage. Further studies showed that Fl 1 could suppress 
P53 activation, inverse the ratio of Bax/Bcl2 and the anti- oxidative and free radical levels induced by 
cisplatin, which in turn inhibited tubular cell apoptosis. Importantly, Fll enhanced rather than inhibited 
the anti-tumor activity of cispaltin in murine melanoma and Lewis lung cancer xenograft tumor models. 
Our findings suggested that administering Fll with cisplatin might alleviate the associated nephrotoxicity 
without compromising its therapeutic efficiency. This finding provides a novel potential strategy in the 
clinical treatment of cancer. 



Cisplatin (CDDP) is a chemotherapeutic drug to be used in several standard regimens for a variety of 
malignant tumors, such as non- small cell lung cancer, bladder, cervical, ovarian cancer, testicular cancer 
et al^'^. Although CDDP has been a mainstay for chemotherapy, its usefulness is often restricted by the 
following side-effects, especially the dose-dependent nephrotoxicity, which negatively affects patients' quality of 
life^ Although the hydration therapy has been proved as an effective renal -protective strategy, a certain 
percentage of patients still suffers from CDDP-induced nephrotoxicity^. Thus, new compounds, which could 
reduce this side effect while maintaining and/or enhancing its anti-tumor activity, would be of great clinical 
benefit. 

Considerable research has focused on elucidating the mechanisms of nephrotoxicity induced by CDDP as well 
as on finding reasonable ways to prevent its development and progression. To date, the exact cellular and 
molecular mechanisms of CDDP-induced nephrotoxicity remain unclear, although the oxidative stress had been 
recognized as one of the key factors^"^. CDDP is freely filtered by the glomerulus and taken up by renal tubular 
cells, which might increase the production of reactive oxygen species (ROS) by disrupting the respiratory chain^. 
Given their broadly reactive nature, ROS could target and modify multiple cellular targets, such as lipids, proteins, 
and DNA^'^. The resulting cellular stress could then induce cellular apoptosis by activating the p53 and/or 
initiating the mitochondrial cell death pathways^'^°. Several antioxidants and oxygen radical scavengers, such 
as cilastatin, edarabone and sildenafil, had been reported to protect against such damage^ Novel antioxidants 
might therefore be potential candidates for preventing and treating CDDP-induced nephrotoxicity. 

Ginseng {Panax ginseng) had been used medicinally for thousands of years in China, and was already shown to 
improve general and physical fatigue symptoms in cancer patients^^'^^. There were substantial evidences to show 
that ginseng had a wide range of pharmacological actions, including neuroprotective, cardioprotective, antiox- 
idant and anticancer properties, in which the active ingredient were primarily thought to the ginsenosides^^. 
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Recently, we reported that Rh2 and ocotillol, two ingredients in the 
gingeng, attenuated doxorubicin-induced cardiotoxicology via their 
antioxidant capabiUties^^'^^. Here we reported that Fll^^ one pseu- 
doginsenoside, attenuated the nephrotoxicity induced by CDDP 
without affecting its anti-tumor efficacy. 

Results 

Fl 1 attenuated CDDP-induced renal injury. The biomarkers Blood 
urea nitrogen (BUN) and creatinine (Cre) were used to evaluate renal 
damage^^. A dramatic increase in plasma BUN and Cre levels was 
observed 5 days after CDDP administration (Fig 1, p= 0.0001 and 
0.0057 respectively, compared with that in control group). Pretreated 
with Fll at the dosages of 10 mg/kg, however, could significantly 
reduce the increase in plasma BUN and Cre levels {p= 0.0269 and 
0.0025 respectively, compared with that in CDDP group). Fll at the 
dose of 10 mg/kg alone had no observable effect on the levels of BUN 
and Cre. 

Fll ameliorated CDDP-induced histopathological damage. The 

animals in control and Fll alone groups were observed with normal 
kidney architecture (Fig. 2 A and 2B). CDDP treatment produced 
obvious structure damage, such as tubular degeneration, swelling, 
extensive epithelial vacuolization and luminal ectasia (Fig. 2C), in 
which the histological injury score was dramatic higher (Fig. 2E, 
p= 0.0032, compared with that in control group). Pretreated with 
Fll markedly attenuated the histopathological changes and 
significantly reduced the injury score (Fig 2D and 2E, p= 0.0045 , 
compared with that in CDDP group). 

Fll reduced CDDP-induced tubular cell apoptosis. Apoptosis 
played an important role in renal damage^. To explore the effect of 
Fll on CDDP-induced apoptosis, TUNEL staining was conducted. 
The kidneys of control and Fll only group were observed with quite 
low ratios of apoptotic cells, which were elevated dramatically in 
CDDP treated tissue (Fig. 3, p=0.0013, compared with that in 
control group). Pretreatment with Fll significantly decreased the 
number of TUNEL positive staining cells (Fig. 3, p= 0.0231, 
compared with that in CDDP group). These findings were 
supported by the western blot analyses, in which pretreated Fll 
dramatically decreased the protein levels of cl-caspase 3 and cl- 
caspase 9 (Fig. 4C). 

Fll suppressed P53 activation and inversed CDDP-induced Bax/ 
Bcl2 ratio. To explore the effects of Fll on cisplatin induced- 
apoptosis, western-blot analyses was performed to detect the 
expression levels of P53, Bcl2 and Bax in kidney tissue. CDDP 
treatment increased the expression of P53 and Bax, and decreased 



Bcl2 expression (Fig. 4 A and 4B). Conversely, pretreatment with Fll 
decreased the expression of P53 and Bax, and increased the 
expression of Bcl2 (Fig 4). Fll at the dose of 10 mg/kg alone had 
no obvious effect on the expressions of P53, Bax or Bcl2. 

Fll attenuated CDDP-induced oxidative stress. As oxidative stress 
played an important role in CDDP-induced nephrotoxicity^ the 
effects of Fll treatment on the content of GSH-px, SOD and LPO 
in kidney tissues were investigated. After CDDP administration, 
GSH-px and SOD levels were observed with significantly decrease 
(Fig. 5 A and 5B, p= 0.0046 and 0.0281 respectively, compared with 
that in control group), while LPO level was noted with dramatic 
increased (Fig. 5C, p= 0.0491, compared with that in control 
group). Conversely, pretreatment with Fll significantly elevated 
GSH-px and SOD levels, and decreased the LPO level {p= 0.0001, 
0.04395 and 0.02259 respectively, compared with that in CDDP 
group). There was no difference in the levels of LPO, SOD and 
GSH-px between the Fll alone and control groups. 

Fll did not attenuate the in vivo anti- tumor activity of CDDP. To 

evaluate the effect of Fll on the anti-tumor activity of CDDP, two 
murine tumor models were used. CDDP, at a dose of 3 mg/kg, 
inhibited tumor growth in both the B16 melanoma and Lewis lung 
cancer xenograft models (Fig. 6). Co-treatment with Fll at the dose 
of 10 mg/kg did not attenuate, but rather seemed to augment the 
growth inhibiting properties of CDDP to a certain degree. No 
obvious anti-tumor effect of Fll alone was observed. 

Discussion 

The defining limitation of CDDP-based chemotherapy was its assoc- 
iated nephrotoxicity, which was caused by oxidative stress and tubu- 
lar cell apoptosis^'^'^^. Therefore, novel antioxidants and/or apoptosis 
inhibitors, that could protect the kidney from CDDP damage with- 
out compromising its anti-tumor activity, could be of great use in 
treating certain cancers. In this study, we demonstrated for the first 
time the protective activity of the pseudoginsenoside Fllagainst 
CDDP-induced nephrotoxicity without affecting its anticancer 
properties. 

There was strong evidence that CDDP-induced renal injury was 
caused by the accumulated exposure of the drug in the tubules^, in 
which the glomerular filtration rate was reduced and followed by an 
increase of BUN and Cre levels Other labs had estabUshed well 
proven rat models, in which CDDP was administrated with a single 
intraperitoneally (i.p) injection at 5—10 mg/kg^°. In the current 
study, such animals were given one dosage of CDDP (6 mg/kg) 
and renal function parameters, such as BUN and Cre levels, as well 
as morphology characteristics, were observed. There were obvious 
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Figure 1 | Effects of the pseudoginsenoside Fll on level of BUN and Cre in cisplatin-injected rats. The animals were treated as indicated and the levels of 
BUN and Cre were detected. All data were expressed as means ± SD (n=8). *: p<0.05, compared with the control group; #; p<0.05, compared with 
CDDP group. 
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Figure 2 | Effects of the pseudoginsenoside Fll on kidney morphology in cisplatin-injected rats. The kidneys were conducted for H.E staining after 
treatment, and light microscope observations were carried out. The injury in renal tubules was blindly assessed based on a 4 - point scale, and the 
results were expressed as means ± SD (n=8). The black arrows indicated the representative morphological changes: tubular degeneration, swelling, 
extensive epithelial vacuoKzation and luminal ectasia (400X magnifications). *;p<0.05, compared with control group; #:p<0.05, compared with CDDP 
group. 



pathological changes 5 days after injection, which were all attenuated 
by Fll CO -treatment. Thus, Fll might be a potential protector 
against the renal damage induced by CDDP. 

The toxic ROS induced by CDDP, which could cause oxidative 
stress damage, had been well documented to play an important role 
in the development of renal damage^'^°. In agreement with the pre- 
vious reports, CDDP administration in this study resulted in remark- 
able decrease in GSH-px and SOD, two important antioxidants in 
renal tissue^\ In addition, LPO, a common indicator of oxidative 
stress^^, was increased. Fll, as one free radical scavenger, at a dose 
of 10 mg/kg, could reverse, in part or completely, the deterioration of 
the unbalanced anti- oxidative and free radical. This finding was 
consistent with our previous reports that one derivation of Fl 1 could 
restore the activities of SOD and GSH-Px and decrease the produc- 
tion of lipid peroxides in the mouse cortex^^. Our findings were 
consistent with other reports, in which several anti-oxidants, such 
as cilastatin, edarabone and lycopene, also exerted protective activity 
against CDDP-induced renal damage^'^^'^^. 

There was growing evidence that apoptosis played a predominant 
role in CDDP-induced nephrotoxicity. The cellular damage caused 
by oxidative stress could activate the P53 and alter the physiological 
ratio of Bcl2 and Bax^'^'^°. The activation of P53, as well as an 



unbalanced mitochondrial state, could activate caspase 3 and induce 
tubular cells undergoing apoptosis, which were easily detected by 
TUNEL staining. In this study, CDDP treatment did increase the 
protein levels of P53 and Bax, as well as decrease the Bcl2 expression. 
Thess effects were mitigated by co-treatment with Fl 1 at a dosage of 
10 mg/kg. The number of TUNEL positive cells and the expression 
of apoptosis protein markers cl-caspase 3 and cl-caspase were 
decreased (Fig. 3 and Fig. 4C), which indicated pretreatment with 
Fll decreased CDDP-induced renal tubular cell apoptosis. 

The last and the most important question we addressed was 
whether Fll attenuated the anti-tumor activity of CDDP. To this 
end, two murine models were established and the tumor mass were 
used as an index of anti-tumor activity. The data showed that Fll did 
not inhibit the anti-tumor activity of CDDP, but actually enhanced 
its potency to a certain degree (Fig. 6,p=0.12 and/> = 0. 57 for B 1 6 and 
Lewis lung cancer respectively, compared with that in CDDP group). 
The action of Fl 1 on the toxicity of CDDP was distinct from its anti- 
tumor activity, although the exact mechanism of this was still 
unknown. One possible interpretation was that this occurred in a 
cell/tissue- dependence manner. Understanding the conditions sur- 
rounding this may further benefit its clinical use. This interesting 
finding, which has also been observed with several other compounds. 
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Figure 3 | Effects of the pseudoginsenoside Fl 1 on tubular cell apoptosis in cisplatin-injected rats. The animals were treated as indicated, and the fixed 
kidney tissues were performed for TUNEL staining. The slides were scanned by a confocal fluorescence microscope (A) and around 1000 cells (DAPI 
staining cells) were chosen randomly to quantif)^ the number of apoptotic cells in renal tubules (B). The red arrows indicated the TUNEL-positive cells. 
*: p<0.05y compared with control group; #; p<0.05, compared with CDDP group. 
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Figure 4 | Effects of the pseudoginsenoside Fl 1 on the expression of P53, Bax, Bcl2, Cl-capase 3 and Cl-caspase 9 in cisplatin-injected rats. The animals 
were treated as indicated, and the kidney samples were lysed in RAPI buffer. The total protein expressions were shown. 
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Figure 5 | Effects of the pseudoginsenoside Fll on GSH-px, SOD and LPO levels in cisplatin-injected rats. The animals were treated as indication and 
the levels of GSH-px, SOD and LPO were detected. All data were expressed as means ± SD (n=8). *;p<0.05, compared with control group; #: p<0.05y 
compared with CDDP group. 



such as cilastatin^^ carvediloP^ and ginsenoside Rh2^^, supported 
that further investigation into the role of Fll as a protector against 
CDDP-induced nephrotoxicity was warranted. 

In summary, this study provided first evidence that Fll was pro- 
tective against CDDP-induced nephrotoxicity. It appears to support 
the maintenance of endogenous anti- oxidants levels and inhibit tubu- 
lar cell apoptosis. Importantly, Fll did not reduce the anti- tumor 
activity of CDDP, and therefore might be a promising adjuvant ther- 
apy in cancer patients receiving with CDDP -based treatment. 

Methods 

Chemicals. Fll was isolated from Panax ginseng and had the molecular formula 
C42H72O14 with MW 801.03. The purity was detected by HPLC to be 99.7%. For 
in vivo study, Fll and CDDP (Qilu Pharm, Jinnan, China) were dissolved in 1% 
carboxymethycellulose sodium (CMCS) and 0.9% sodium chloride solutions as 
proposed dose, respectively. 

Animals. Male SD rats (160-180 g) and male C57BL/6 mice (18-22 g) were obtained 
from Institute of Laboratory Animal Science, Chinese Academy of Medical Sciences 
(Beijing, China). The animals were housed in a light and temperature-controlled 
room (2 1 ~22°C, humidity 60—65%) and kept on a standard diet and water. All of the 
experimental protocols were approved by the Experimental Animal Research 
Committee of Yantai University. 

In vivo rat model of CDDP-induced nephrotoxicity. Male SD rats were randomly 
assigned to 4 groups (n = 8). The control group was given one doses of 0.9% NaCl i.p. 
and 9 doses of CMC gavage (P.O) daily. The CDDP group was administered one dose 
of CDDP at 6 mg/kg and total 9 doses of CMC P.O. daily. Based on the finding in the 
preliminary study (data not shown), Fl 1 at 10 mg/kg was the optimal dosage. So, the 
pretreated groups received total 9 doses of Fl 1 at 10 mg/kg daily with the first 



administration 72 h before CDDP injection. Twenty four hours after the final dose, 
the animals were anesthetized with sodium pentobarbitone (50 mg/kg) i.p. and 
sacrificed by carbon dioxide asphyxiation. Plasma and kidneys were collected for 
assays. 

Renal function detection. Blood was collected in heparinized tubes and the plasma 
separated by centrifugation at 3,500 rpm for 10 min. BUN and Cre levels were 
detected by commercial kits supplied by Nanjing Jiancheng Bioengineering Institute 
(Nanjing, China). 

Antioxidants and lipid peroxidation measurement. The kidney were homogenized 
in 0.9% NaCl and centrifuged at 12,000 rpm for 20 min at 4°C. The supernatants 
were separated and glutathione peroxidase (GSH-px), lipid peroxides (LPO) and 
superoxide dismutase (SOD) levels determined using commercial kits (Nanjing 
Jiancheng Bioengineering Institute) following the product instruction as described 
previously^*^. Total protein concentrations were determined using a BCA kit from 
Beyotime Institute of Biotechnology (Hangzhou, China) and used for normalization. 

Histological analysis. Kidney tissues were fixed in 4% neutral buffered 
paraformaldehyde and embedded in paraffin. Tissue sections (4 |am) were stained 
with hematoxylin and eosin (HE) staining and the morphology analyzed blindly by 
two pathologist using Nikon ECLlPSE50i microscope (Chiyoda, Japan). The 
percentage of damaged in renal tubules was evaluated by one pathologist on a 4 - point 
scale: 0 = no damage, 1 = 0-20%, 2 =20%-50%, 3 = 50%-70%, 4 = more than 70%. 
The mean score was calculated by counting ten different fields for each group. 

TUNEL staining. Cellular apoptosis was assessed by TUNEL staining using the In 
Situ Cell Death Detection Kit (Roche, Mannheim, Germany) as previously 
described^^. Briefly, following dewaxing and hydration, the tissues were 
permeabilized and incubated with 50 [l\ of reaction mixture containing the labeling 
enzyme and the TMR green labeled-dUTP at 37°C for 1 h. After extensive washing, 
the tissues were counterstained with DAPI and observed under a confocal 
fluorescence microscope (Leica, Osaka, Japan). For quantitation, at least 1000 cells 
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Figure 6 | Effects of the pseudoginsenoside Fl 1 on the anti- tumor activity of cisplatin against B16 melanoma and Lewis lung cancer xenograft tumors 
in C57BL/6 mice. The C57BL/6 mice were transplanted with Lewis lung cancer (A) or B16 melanoma (B) tumors, and treated as shown. Following 
treatment, the mice were sacrificed and the tumors were peeled off and weighed. All data were expressed as means ± SD (n= 10). p<0.05, compared 
with control group. 
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(DAPI staining cells) were chosen randomly and the number of TUNEL-positive cells 
in renal tubules was recorded. 

Immunoblotting assay. Kidney samples were lysed in RAPI buffer and centrifuged at 
12,000 rpm for 20 min at 4°C. The supernatants, containing total proteins, were 
electrophoresed on SDS-polyacrylamide gels, and the proteins were transferred to a 
PVDF membrane. After blocking, the membrane was incubated with primary 
antibodies to P53 (Santa Cruz Biotechnology Inc, Texas, USA), cl-caspase 3, 
cl-caspase 9 and Bax, Bcl2 and P-actin (Cell Signaling Technology, Massachusetts, 
USA) overnight. The membranes were washed with TBS-0.05% Tween 20 for 5 min 
thrice, incubated with secondary antibodies and then visualized with an enhanced 
chemiluminescence detection kit (GE Healthcare Bio-Sciences, Pittsburgh, USA). 
The film was developed and the scanned images were shown. 

Xenograft tumor model in mice. C57BL/6 mice were used to establish xenograft 
tumors of Lewis lung cancer and melanoma (B16) as previously reported^*^. In this 
experiment, tumors were isolated from donor mice and implanted at the dorsum of 
the recipients by subcutaneous injection (S.C.). The day after implantation, the 
animals were randomized into 4 groups each containing 10 animals: the control 
group was given one doses of 0.9% NaCl i.p. and 10 doses of CMC P.O daily; the 
CDDP group was administrated one dose of CDDP at 3 mg/kg and total 10 doses of 
CMC P.O daily; the pretreated groups received total 10 doses of Fl 1 at 10 mg/kg daily 
with the first administration 72 h before CDDP injection; the Fll only group was 
given one doses of 0.9% NaCl i.p and 10 doses of FllP.O. daily. At the end of 
treatment, the mice were sacrificed and the tumor were peeled off and weighted. 

Data analysis and statistics. The results were presented as mean ± SD. Comparisons 
between more than 2 groups were performed by analysis of variance (one way 
ANOVA), then Student t test were performed. P <0.05 was used as the level of 
statistical significance unless indicated otherwise. 
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